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[57] ABSTRACT 

An electron beam scan conversion method and appara- 
tus based on the gain recovery or “dead” time charac- 
teristic of channel electron multipliers. The waveform 
of an electrical signal is written on the input face of a 
channel multiplier plate with an electron beam. Then, 
within the dead time of the written channels (typically 
about 1-100 msec.), the plate’s input face is scanned in a 
predetermined raster pattern with a constant current 
beam. During the scanning step, an output signal is 
derived that corresponds to the difference in emission in 
response to the scanning beam between the channels in 
the written area of the plate and those outside that area. 

17 Oaims, 2 Drawing Figures 
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A more specific object of the invention is to provide 
CHANNEL MULTIPLIER PLATE CRT SCAN scan conversion apparatus employing a channel multi- 
CONVERTER AND SCAN CONVERSION plier plate as a signal conversion element. 

METHOD A further object of the invention is to provide an 



The present invention relates generally to electron 
beam scan conversion of electrical signals, and more 
particularly to an improved method and apparatus for 
converting high speed analog signals to slower analog 
or digital signals. 

In a variety of situations — for example, in work with 
pulsed lasers for fusion studies, in infrared laser 
meterology, and in nuclear and explosive testing— there 
is a need to analyze electrical transients from brief, 
single or seldom occurring events. Before a fast tran- ^ 
sient signal can be studied in detail, however, it must be 
captured and converted to an analyzable form. For a 
number of reasons, it is preferable to convert such sig- 
nals into coded digital form. 2o 

A once common conversion technique was to photo- 
graph an oscilloscope display of a transient signal, then 
manually convert the pictured waveform to binary 
coded digital (BCD) form for computer analysis. The 
drawbacks of this method in terms of speed, accuracy, 25 
and convenience are obvious. 

Storage oscilloscopes with direct view storage CRTs 
have been used to observe and record transients in the 
microsecond range. An electrical read-out of the stored 
waveform is obtained by scanning the CRT’s storage 30 
target in a raster pattern with a constant current elec- 
tron beam as described, for example, in U.S. Pat. No. 
3,312,850 to McMillan, Jr. et al. Digitalization of the 
read-out signal is accomplished using an analog-to-digi- 
tal converter (ADC) synchronized with the scanning 35 
beam. 

Special purpose instruments known as transient digi- 
tizers have been used to capture and store high speed 
transients at frequencies in the subnanosecond risetime 
range. In one commercially available version of such an 'W) 
instrument, the transient signal is used to deflect a high 
velocity electron beam, which writes the signal wave- 
form on a silicon diode array storage target in a double- 
ended scan converter CRT. Such a tube is disclosed in 
U.S. Pat. No. 3,748,585 to Culter et al. After the signal 
has been recorded, the target is scanned by a low veloc- 
ity reading beam in a series of steps. At each step, cir- 
cuitry in the instrument determines whether the target 
area under the beam has been written. When a written 
area is detected, a BCD output signal is generated de- 
scribing the location of the area on the target. These 
signals are stored in a memory for computer analysis of 
the transient waveform. 

Conventional direct view storage oscilloscopes do 55 
not have sufficient writing speed to capture non-repeti- 
tive, high speed transient signals. Although transient 
digitizers of the type described above permit extremely 
fast-rise signals to be acquired and converted to digital 
format, the scan converter storage CRTs used in such 
instruments are complex and expensive to manufacture. 
Thus, a need exists for less complex, lower cost scan 
conversion apparatus capable of capturing high speed 
transient signals suitable for display or further process- 
ing. 65 

Accordingly, a general object of the present inven- 
tion is to satisfy the above-identified need in a practical 
and satisfactory manner. 



improved method and apparatus for converting a tran- 
sient analog electrical signal to a convenient form for 
subsequent display, storage, or analysis. 

Still a further object of the invention is to provide an 
improved method for digitizing an analog electrical 
signal by means that includes a channel multiplier plate- 
containing cathode-ray tube. 

SUMMARY OF THE INVENTION 

These and other objects of the invention are achieved 
through the utilization of the known “dead”, or gain 
recovery, time characteristic of a channel electron mul- 
tiplier (CEM) in pulsed operation. Briefly, the ability of 
a CEM to multiply input electrons drops quite substan- 
tially for a short period of time (typically about 1-100 
milliseconds) after it produces an output pulse. Thus it 
has been found that by first writing the waveform of an 
electrical signal on the input face of a channel multiplier 
plate (CMP) with an electron beam, then immediately 
raster-scanning the face with a constant current “read” 
beam, an output signal can be derived on the basis of the 
difference in gain during scanning between the CEMs in 
the written areas of the plate and those outside those 
areas. The output signal, which contains the input signal 
information, suitably is amplified and converted to 
coded digital form for storage or further processing. 

A more complete understanding and appreciation of 
the present invention and its advantages over prior art 
scan conversion methods and apparatus will be had by 
reference to the following detailed description and the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagrammatic view of scan conversion 
apparatus including a channel multiplier plate cathode- 
ray tube and associated electrical circuitry, and 

FIG. 2 is an enlarged, fragmentary sectional view 
taken along line 2 — 2 of FIG. 1 showing a portion of the 
CMP CRT. 

DETAILED DESCRIPTION 

Referring now in detail to the drawing, an illustrative 
embodiment of a channel multiplier plate scan con- 
verter is indicated generally at 10 in FIG. 1. Scan con- 
verter 10 includes a cathode-ray tube 12 having an evac- 
uated envelope 14 with a transparent faceplate 16 at one 
end. A display screen 18 comprising a phosphor layer 
20 with an aluminum coating 22 (FIG. 2) is deposited on 
the inner surface of the faceplate. Coating 22 connects 
inside the envelope to a lead-in 24 provided for applying 
a potential to screen 18. At the opposite end of the tube 
is a conventional electron gun including a cathode 26 
and an electrostatic lens structure 28. Vertical deflec- 
tion plates 30 and horizontal deflection plates 32 are 
provided for deflecting the beam emitted from the elec- 
tron gun. 

A channel multiplier plate (also commonly referred 
to as a microchannel plate or MCP) 34 is mounted in 
CRT 12 in close, parallel spaced relation to screen 18. 
The CMP, which is essentially a two-dimensional array 
of single channel electron multipliers, is a well known 
device. Typically, the individual CEMs are formed of 
thin wall glass tubing, the inner bore of which is coated 
or treated to provide a surface that in response to im- 
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pacting electrons emits secondary electrons in a ratio 
greater than unity. After having been arranged to define 
a plate of suitable configuration and dimensions, the 
individual channel multiplier tubes are fused together to 
form a unitary channel plate having an input face 34a 
and an output face 34i» containing the input and output 
ends, respectively, of the individual CEMs. The input 
and output faces of plate 34 are coated with an electri- 
cally conductive material so that a voltage differential 
can be applied across the channels. The conductive 
coatings are connected by lead-ins (not shown) to termi- 
nals 36 and 38. A more complete description of a suit- 
able CMP structure is given in U.S. Pat. No. 3,341,730 
to Goodrich et al. 

The individual channels of plate 34 have a diameter 
of about 10 microns and are arrayed with a center-to- 
center spacing of about 12 microns. The plate is about 
0.030 inches thick, providing a channel l;d ratio of 
about 60:1. The spacing between plate 34 and screen 16 
will depend on the CMP design, the potential difference 
between the plate and screen, and other factors known 
to those of ordinary skill in the art, but suitably is in the 
range of about 0.05 to 0.5 inches. 

During operation of the scan converter, a potential 
difference in the range of about 500 V. to about 5 kV. 
D.C., typically about 1 kV., is applied across CMP 34 
via terminals 36, 38, with the output face voltage V2 
being more positive than the input face of voltage Vi. A 
voltage V3 in the range of about 2 kV. to about 12 kV. 
more positive than Vj is applied via a resistor 39 to 
screen 18. Referring to FIG. 2, when electrons from 
beam 40 enter the lower voltage input end of a CEM in 
plate 34 and strike its inner surface, secondary electrons 
are released and multiplied by further collisions as they 
are accelerated toward the output end by the voltage 
differential across the plate. The amplified output pulse 
42 from CMP 34 is directed onto screen 18, as shown. 

The emission of an output pulse from a CEM pro- 
duces a depletion in electrons at its output end for a 
short period of time, known as the channel’s recovery 
or “dead” time. The length of the dead time depends on 
the amount of charge removed by the output pulse, and 
the resistance and capacitance of the channel. Although 
it may last up to about one second, the dead time of a 
channel typically is in the range of about 1-100 millisec- 
onds. The gain of a channel is substantially reduced 
during its dead time, and until equilibrium is reestab- 
lished, an input pulse following closely after a preceed- 
ing one will be amplified much less. 

This characteristic of channel electron multipliers is 
utilized in the method and apparatus of the invention by 
scanning input face 34a of CMP 34 in a raster pattern 
immediately after the waveform of an input signal has 
been written on the input face by beam 40. 

Separate electron guns may be provided for perform- 
ing the steps of first writing a pattern corresponding to 
the waveform of an electrical signal on the plate’s input 
face, then scanning the input face in a raster pattern 
during the dead time for the CEMs in the written area. 
However, in scan converter 10 a single gun is used for 
both functions. As shown in FIG. 1, three ganged 
switches 44, 46 and 48 connected, respectively, to cath- 
ode 26, vertical deflection plates 30 and horizontal de- 
flection plates 32 are provided for switching between 
WRITE and SCAN positions. In the WRITE position 
of the three switches, cathode 26 is connected to a 
source of negative D.C. Voltage V4 to produce a writ- 
ing beam of high velocity electrons from the CRT gun. 
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The vertical deflection plates 30 are connected through 
switch 46 to the output of a vertical amplifier 50, and 
the horizontal deflection plates are connected through 
switch 48 to the output of a horizontal sweep generator 
5 52. A trigger pulse generator 54 is arranged to trigger 
the horizontal sweep generator when an input signal, 
such as an electrical transient, is applied to the vertical 
amplifier’s input terminal 56. In the SCAN position of 
the switches, cathode 26 is connected to a less negative 
10 D.C. Voltage V 5 to produce a scanning beam of lower 
velocity electrons. In addition, the vertical and horizon- 
tal deflection plates are both connected to a raster signal 
generator 58 by switches 46 and 48, respectively. 

With switches 44, 46 and 48, in the WRITE position, 
15 a signal to be converted is applied to input terminal 56 
of the vertical amplifier. As the signal is being amplified 
and transmitted to the vertical deflection plates, a saw- 
tooth sweep signal from generator 52 is transmitted to 
the horizontal deflection plates. Thus, the writing beam 
20 formed by cathode 26 and lens structure 28 is deflected 
vertically and horizontally and directed onto the input 
face of CMP 34 in a pattern corresponding to the wave- 
form of the input signal. The chaimel multipliers irradi- 
ated by the writing beam emit amplified pulses 42 of 
25 electrons from output face 34f> that strike display screen 
18 with sufficient energy to produce a visible display of 
the input signal waveform. 

Switches 44, 46 and 48 are then moved immediately 
to their SCAN positions, connecting the vertical and 
30 horizontal deflection plates to raster signal generator 58 
in order to scan a lower velocity electron beam over 
input face 34a in a predetermined raster pattern during 
the dead time for the channel multipliers previously 
irradiated by the writing beam. An electricd readout 
35 signal is derived from screen 18 by a video amplifier 60 
connected via a capacitor 61 to amplify the voltage 
drop across resistor 39. As will be understood, screen 
current (and hence the voltage drop across resistor 39) 
will decrease as the scanning beam passes over previ- 
40 ously written areas on the input face of plate 34. 

Scan converter 10 is operable either in a TV or a 
DIGITAL output mode, selectable by means of a 
switch 62. In the TV mode, the output of video ampli- 
fier 60 is connected to the video signal or “Z-axis” input 
45 of a conventional TV monitor 64. As indicated in the 
drawing, monitor 64 is coupled to receive signals from 
raster signal generator 58 so that the vertical and hori- 
zontal sweep rates of the monitor are synchronized with 
those of CRT 12. The video signals from amplifier 60 
50 intensity modulate the electron beam of the monitor’s 
CRT to form a visible reproduction of the scan con- 
verted signal. 

In the DIGITAL mode, the video output signal from 
amplifier 60 is connected to a digitizer, or analog-to- 
55 digital converter, 66. Digitizer 66 is a conventional 
device that generates coded binary signals containing 
CMP output and scanning beam position information, 
the latter obtained via an interconnection with raster 
signal generator 58. The output of digitizer 66 is fed to 
60 a suitable memory device 68, such as a random access 
memory unit (RAM) or a magnetic media storage de- 
vice, in an address sequence correlated to the coordi- 
nates of the CMP input face. Thus a digital representa- 
tion of the input signal is stored in a convenient form for 
65 computer processing and analysis. 

The just described scan conversion method and appa- 
ratus provides a number of advantages compared with 
prior art systems, as those skilled in the art will appreci- 



4 , 147,988 



5 

ate. For example, because of the amplification provided 
by the CMP, very high writing rates equalling or ex- 
ceeding those of prior art transient digitizers can be 
achieved with improved resolution. In addition, the 
trace blooming problem experienced with diode array 5 
target scan converters is eliminated, and a much sim- 
pler, less costly construction is provided. 

Although in the illustrative embodiment of the chan- 
nel multiplier plate scan conversion tube described 
herein an aluminized phosphor target screen is shown 10 
and described, a non-view CRT with a conductive tar- 
get plate disposed opposite the output face of the CMP 
may be used instead. Also, separate writing and scan- 
ning guns and deflection systems may be used in place 
of the single, switched gun system described. In that IS 
connection, it will be understood that automatic switch- 
ing of the gun between WRITE and SCAN modes is a 
desireable and practical alternative. Still other modifi- 
cations will be apparent to those skilled in the art and 
may be made without departing from the full scope of 20 
the invention as defined by the following claims. 

I claim: 

1. Scan conversion apparatus that includes 

a plurality of channel electron multipliers disposed in 
an array having an input face and an output face 2S 
containing the input and output ends, respectively, 
of said multipliers, each multiplier in response to 
electron beam irradiation of its input end generat- 
ing and emitting electrons at its output end with a 
gain that after a period of time following the start 30 
of such emission decreases substantially for a fur- 
ther time period, 

writing means for at first times directing an electron 
beam onto said input face in accordance with an 
input signal thereby to irradiate the input ends of 35 
certain channel multipliers in said array, 

scanning means for at second times during said fur- 
ther time period scanning an electron beam over 
said input face in a predetermined pattern, 

collector means disposed adjacent said output face 40 
for collecting electrons emitted by said channel 
multipliers, and 

output circuit means coupled to said collector means 
for deriving an output signal corresponding to the 
gain of the channel multipliers as the input face of 45 
the array is scanned. 

2. The apparatus of claim 1, further including digitiz- 
ing means coupled to said output circuit means for pro- 
ducing digital signals corresponding to said output sig- 
nal. 

3. The apparatus of claim 2, further including mem- 
ory means coupled to said digitizing means for storing 
said digital signals in a predetermined sequence thereby 
to store a digital representation of said input sequence. 

4. The apparatus of claim 1, wherein said collector 55 
means comprises a phosphor display screen. 

5. Scan conversion apparatus that includes; 

a microchannel plate comprising an array of channel 
electron multipliers, said plate having an input face 
and an output face containing the input and output 60 
ends, respectively, of said multipliers, 

means for forming and directing a writing electron 
beam onto the input face of said plate in accor- 
dance with an input signal thereby to initiate chan- 
nel multiplication in the multipliers irradiated by 65 
said beam, 

means for subsequently directing a scanning electron 
beam over said input face in a predetermined pat- 



tern during the dead time for the previously irradi- 
ated multipliers, 

means comprising a phosphor display screen disposed 
opposite the output face of said plate for collecting 
electrons emitted by said multipliers in response to 
irradiation by said writing and scanning beams, and 
circuit means coupled to said collector means for 
deriving an output signal as said input face is 
scanned that corresponds to the difference in emis- 
sion between the multipliers irradiated by said writ- 
ing beam and those not so irradiated. 

6. The apparatus of claim 5, further including digitiz- 
ing means coupled to said circuit means for producing 
coded digital signals corresponding to said output sig- 
nal. 

7. The apparatus of claim 5, wherein the multipliers 
comprising said plate have a dead time in the range of 
about 0. 1 to about 1000 milliseconds. 

8. Scan conversion apparatus that includes 

a cathode-ray tube having a phosphor display screen 
and an electron beam generation and deflection 
system spaced from said screen, 
a two-dimensional array of channel electron multipli- 
ers disposed within said tube intermediate said 
screen and electron beam system, said array having 
an input surface facing said system and an output 
surface facing said screen, 

said electron beam system including means for direct- 
ing a writing beam onto said input surface in accor- 
dance with an input signal thereby to irradiate 
certain multipliers in a pattern corresponding to the 
waveform of said signal, and means for subse- 
quently directing a scanning beam over the input 
surface in a predetermined pattern during the dead 
time for said certain multipliers, 
collector means in said tube associated with said dis- 
play screen for collecting electrons emitted by said 
multipliers in response to irradiation by said writ- 
ing and reading beams, and 
circuit means coupled to said collector means for 
deriving an output signal as the input surface of 
said array is scanned by the scanning beam, which 
signal corresponds to the difference in emission 
between said certain multipliers and other multipli- 
ers in the array. 

9. The apparatus of claim 8, further including digitiz- 
ing means coupled to said circuit means for producing 
coded digital signals corresponding to said output sig- 
nal. 

10. The apparatus of claim 9, further including mem- 
ory means coupled to said digitizing means for storing 
said digital signals in a predetermined sequence thereby 
to store a digital representation of said input signal. 

11. The apparatus of claim 8, wherein said collector 
means comprises a conductive layer disposed in contact 
with said display screen. 

12. An electrical signal conversion method compris- 
ing the steps of: 

writing a pattern corresponding to the waveform of 
an electrical signal on the input face of a channel 
multiplier plate using an electron source capable of 
triggering emission from channels in the written 
area of the plate, 

subsequently during the dead time of the channels in 
the written area scanning an electron beam over 
said input face in a predetermined raster pattern, 
and 
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deriving an output signal corresponding to the differ- 
ence in electron emission in response to said scan- 
ning, between the multipliers in said written area 
and those outside said area. 

13. The method of claim 12, further comprising the ^ 
subsequential step of producing encoded digital signals 
corresponding to said output signal. 

14. The method of claim 13, further comprising the 
subsequential step of storing said digital signals in a 
predetermined sequence thereby to store a digital repre- 
sentation of said input signal. 

15. An electrical signal conversion method using 
apparatus that includes a plurality of channel electron 
multipliers disposed in an array having an input face and j 5 
an output face containing the input and output ends, 
respectively, of said multipliers, means for forming and 
directing a writing electron beam onto the input face of 
said plate, means for forming and directing a scanning 
electron beam over said input face in a predetermined 20 
pattern, means disposed adjacent said output face for 
collecting electrons emitted by said channel multipliers, 
comprising the steps of 
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directing said writing beam onto said input face in 
accordance with an electrical input signal to be 
converted, initiating channel multiplication in the 
multipliers irradiated thereby, 

subsequently directing said scanning beam over said 
face in said predetermined pattern during the dead 
time for the multipliers previously irradiated by the 
writing beam, 

collecting electrons emitted by the multipliers in said 
array as the input surface thereof is being scanned, 
and 

on the basis of the electrons so collected, deriving an 
output signal corresponding to the difference in 
emission between the multipliers irradiated by the 
writing beam and those not so irradiated. 

16. The method of claim 15,. further comprising the 
subsequential step of producing encoded digital signals 
corresponding to said output signal. 

17. The method of claim 16, further comprising the 
subsequential step of storing said digital signals in a 
predetermined sequence thereby to store a digital repre- 
sentation of said input signal. 

» « * « * 



30 



35 



40 



45 



50 



55 



60 



65 



